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OU have honoured me by electing me as your President and 

\ of this I am very proud, but, I must confess, I am fully 

conscious of the fact that I shall have the greatest difficulty 
in keeping up the very high standard of useful achievement in the 
affairs of the Institution that has been set and maintained by all 
my predecessors in office. 

The vital importance of the work that lies before our Institution 
cannot be over-stressed. Even though its sphere of activity is 
clearly directed towards technical questions, such cannot be com- 
pletely divorced from the immense political and financial issues that 
are involved and are both of a national and international character. 
It is well that we limit our aims, otherwise if we were to attempt 
to range over the whole field, we should be embarking on a task 
greater than that faced by any Institution, technical or otherwise. 

The technical aspects are large enough and the value of our work, 
as I see it, is actively to encourage the development of new or 
improved methods for producing more rapidly and more cheaply 
those main commodities that our daily life requires. 

In parallel with this work, that will never be completed, we 
must inculcate in what may be broadly termed “‘ Government 
circles ’’ the desire not only to hear all that is to be learned from 
engineers, but to be ready to take immediate action from a national 
standpoint. 

The phenomenal period of industrial growth and expansion that 
took place in Great Britain in the last century will not repeat itself, 
as all conditions have changed. To meet the present situation 
we must be in a position to adjust ourselves actively to an entirely 
different and rapidly changing world situation and to develop in 
the most complete manner our inventive capacity and the technique 
and execution of production. It is only by so doing that we can 
hope to maintain our position as one of the largest producers and 
exporters of manufactured goods. 

Politicians will, I know, echo general agreement to this broad 
outline, but there is a large gap between this and achieving the 
practical results of an active national policy towards such an end. 
The events of the last twenty years have brought about what may 
be rightly termed a more active state of public technical conscious- 
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ness, of which the foundation and maintenance of the Department 
of Scientific and Industrial Research is but one expression, and a 
very important one too. 

All developments that are taking place in the production of any 
article lead to mechanisation in industry and the use of less man- 
power per unit produced. 

This was a theme often debated in the past and particularly in 
the last century. Many will pine for what are termed the “ good 
old days,” but I feel they labour under some misconceptions. Even 
in those days, many of the necess‘ties of life had to be obtained 
from factories, and a hundred years ago the state of these factories 
was such that, they would by to-day’s standards, be considered 
intolerable. For example, children of five and six years of age 
were being employed twelve hours per day, exclusive of time for 
meals Fortunately, it has been possible to bring about developments 
that make child labour and such hardships unnecessary. The 
engineer, by his inventions, has brought about improvements from 
which we all benefit. This has led to developments from which 
new industries employing many people have arisen. 

Fifty years ago there was practically no electrical industry and 
certainly no automobile or aircraft industry. Yet, four or five years 
ago, all these new industries were employing directly in this country 
at least 400,000 people, and the value of the yearly products turned 
out was in the close neighbourhood of £140,000,000 sterling. I have 
not mentioned the cinematograph industry or the wireless, but, 
touching on this latter, the number of radio receiving sets in the 
world will not be less than 50,000,000, and in the U.S.A. alone there 
are about 25,000,000 automobiles. 

Considering the influence of improved methods of production 
on the price of the article, and thus on the increased demand as a 
result of this, I would quote the case of one of our most up-to-date 
automobile factories that has improved its methods of production 
to such an extent in the last fourteen years that the ratio of men 
employed to cars produced is now one-seventh of what it was. 
There has been an increased demand for this firm’s products, and 
whereas some twelve years ago 3,000 men only were employed, the 
figure now is little short of 20,000. 

It is interesting to study the position of some of the main industries 
in this country so that we may appreciate the signs of the gradual 
increasing revival of trade that is taking place and to the furtherance 
of which we must all apply our technical knowledge. 

The improvement in the heavy industries at home can be seen 
from the following figures :— 

220,000,000 tons of coal were raised in Great Britain last year, 
which would be 13,250,000 tons more than in 1933 and 12,000,000 
tons more than in 1932. The export of coal in 1934 recovered almost 
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to the level of 1932, and the improvement, although modest, is the 
first recorded improvement since 1929. 

In 1930 the output per man-shift was 21 cwt. but in 1934 this has 
risen to approximately 23 cwt. This increased output per man- 
shift has been brought about by the re-equipment of mines with 
labour-saving appliances. 

The percentage of coal cut by machines rose from 26% in 1928 to 
42% in 1933 and the percentage of coal conveyed underground from 
12% to 30% in the same period. 

The increase in mechanical aids to coal-mining has an important 
bearing on the output per unit of labour. During the period 
1922/25 tonnage produced per 1,000 man-shift hours was 6,100 with 
a gradual increase from 1927 to 1930 to 6,500 tons and to 7,100 tons 
from 1931 to 1933 and to 7,500 tons in 1934. Although since 1930 
the output of coal per man-shift has increased 6%, it must be borne 
in mind that other countries have also shown marked progress, the 
increase in Belgium being relatively three and a half times, inGermany 
and France five times, and in Poland not less than seven times. 

Between 1928 and 1934 the average cost of production per ton 
has been reduced from 14s. 2$d. to 12s. 11}d., and with increased 
output per man-shift an average debit balance of 11d. per ton has 
been converted into a credit balance of 54. 

In regard to the consumption of coal, the quantity available for 
consumption at home for all purposes rose from 148,000,000 tons 
in 1933 to 161,000,000 tons in 1934, which was the highest since 
1930. The fizure then was 166,000,000 tons. From a consumption 
of 66 to 67 cwt., per head of population in 1932 and 1933,the quan- 
tity rose to 71 cwt. in 1934 compared with 78 cwt. in 1929 and 
89 cwts. in 1913. 

In the matter of labour, unemployment in the coal-mining in- 
dustry showed a decline at the end of October by 24,000 and by 
62,000 as comnared with September, 1935, and with October, 1934. 
The period 1929 to 1933, during which the average number of per- 
sons employed in the industry declined by about 40,000 per annum, 
the average number in 1934 fell by less than 1,000 as compared with 
1933, viz., from 789,100 to 788,200. During the summer and autumn 
of 1934 the numbers employed were higher than in 1933, but after 
October they were lower and at the end of the year the total number 
in emvloyment was 784,800 as compared with 793,900 at the end 
of 1933. 

Reference might be made to the production of iron ore and iron 
stone. Some 10,590,000 tons of iron ore and iron stone were obtained 
in 1934, which was an increase of about 42% as compared with 1933. 
The aggregate value of these products raised in 1934 was £2,240,000 
as compared with £1,608,000 in 1933, and the average number of 
persons employed 6,675 in 1933 to 7,981 in 1934. 
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The importation of petroleum into Great Britain is of some in- 
terest, as in 1934 some 562,450,000 gallons of oil were treated, as 
compared with 546,095,000 in 1933 and 555,529,000 in 1932. 

The volume of production of commodities produced by the iron 
and steel trades in 1930 was 4% below that of production in 1924 
and, for the purpose of further comparison, taking production in 
1930 as 100%, production in 1934 increased by nearly 16%, after 
falling below 1930 percentage of output during the years 1931 to 
1933. Though prices at the end of 1934 were approximately 30% 
below those ruling 1930, prices however have since recovered to 
1930 levels. 

Employment in the iron and steel group of trades declined from 
498,000 in 1924 to 493,000 in 1930, and if a revaluation of output 
to 1930 values is taken and divided by the number of persons 
employed, the resulting figure per employee provides a basis of 
comparison which takes account of price changes and all differences 
in numbers of persons employed. The resulting figures are £481 
per employee for 1930 as compared with £496 per employee for 
1934. On this method of calculation, the output per employee 
in the iron and steel group of trades is lower in 1930 than in 1924 
by 3%. 

Pig iron production in 1930 was some 6,192,000 tons and steel 
production in the neighbourhood of 7,326,000 tons, but at the end 
of 1934 pig iron production had declined to 5,979,000 tons and steel 
production had increased to 8,860,000 tons, and a further improve- 
ment in steel production is evident in 1935. 

Taking Insurance returns of labour employed in the steel industry, 
1930 figures show some 180,800 as compared with 168,000 in 1934, 
also unemployment in the steel trades shows an increase of approxi- 
mately 9%. Production figures in this country compared with those 
of some of ourneighboursare interesting ; for example, the production 
of steel in Germany was 11,360,000 tons in 1930, and this figure has 
risen to 11,795,000 tons in 1934. 

In electrical engineering, a strong tendency towards the electri- 
fication of plant in various directions shows itself in the total 
number of units sold to consumers, which in the last few years 
has risen from 5,000,000 to substantially over 9,000,000. 

Touching briefly on the production of automobiles, the output 
of private and commercial vehicles totals 236,528 in 1930, but in 
1934, 342,499. Exports increased from 29,753 in 1930 to 61,429 in 
1934. Sales in the home market of private cars during 1933 rose 
to 182,998 and in 1934 to 226,553. 

In regard to the manufacture of aircraft, the 1930 figures show a 
total output of 1,500 machines but this number had increased to 
1,900 in 1933. The numbers of new aircraft to be built for air defence 
purposes alone will increase, and there is evidence of a continued 
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expansion in this industry, both for military and civil purposes. 

Employment in the textile trades declined from 1,175,222 in 
1924 to 995,150 in 1930, and if the total output for 1930 and a re- 
valued output for 1924 to 1930 values are divided by the number 
of persons employed, the resulting figures per employee provides 
a basis of comparison which takes account of price changes and 
differences in numbers of persons employed. The figure for 1930 
is 405 as compared with 423 for 1924. On this method of calculation 
the output per employee in the textile group of trades in 1930 was 
lower by between 4 and 5%. 

The following figures in regard to exports of cotton piece-goods 
over several years are interesting: In 1930 this country exported 
2,406,000,000 sq. yds, valued at £61,300,000. Exports have dropped 
in succeeding years to 1,993,000,000 sq. yds. in 1934, valued at 
£39,820,000. Export of piece-goods to Empire markets do however 
register an improvement for 1934, being: 1,167,000,000 sq. yds. 
as compared with 1,092,000,000 sq. yds. in 1933 and 1,257,000,000 
in 1932. How our exports to foreign markets have dropped is shown 
in the following figures. We exported 825,0000,000 sq. yds. in 1934 
as compared with 938,000,000 in 1933 and 939,000,000 in 1932. Fall- 
ing off is apparent in exports to the far, middle, and near east. 

Taking the trade in manufactured articles as a whole, and not 
specifically referred to textiles, statistics suggest that exports still re- 
main 6% below those of 1930 but employment in the basic industries 
is approximately 7% above that of 1930. There is, however, still 
room for further development in all industrial increased output 
per man plus lower overhead expenditure to meet world competition 
in foreign markets. 

The above particulars relating to some of our most important 
industrial activities are interesting as showing the general trend. 
Although we are concerned in our Insitution with questions of 
production, it is essential that we should follow developments in 
the industries that we are aiming to assist in a technical manner. 

We can with advantage devote an increasing amount of attention 
to developments in the new industries, and I would like to single out 
the aireraft industry as one of the most important of these. As an 
Empire, we must be organised on the most up-to-date lines if we 
are to maintain our position as one of the leading industrial nations 
of the world. 

Communications are of vital importance to us and we must have 
the most rapid that science and engineering skill can provide. 
Air transport holds out immense advantages and we must reap 
these in the fullest possible measure and without delay. 

In addition to the manufacture of aircrafts for our own purposes, 
we should aim to build up an industry that will stand in the fore- 
front of all similar industries in the world. Technically, we are 
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able to do this, and we do not wish to find ourselves with this 
industry in the difficult position that the automobile industry and 
some others found themselves in following the early days of their 
development. 

Just to illustrate the general development of civil aviation in the 
world, a few figures will be interesting. In 1919 the entire world 
could not claim more than 3,200 miles of organised air route over 
which the world’s aeroplanes flew in that year 1,022,000 miles. 
By 1934 these two figures had grown to 223,100 and 103,432,000 
miles. 

Look for a moment at the development of this new method of 
transport in another country, and let us take as an example the 
U.S.A. That country has 50,000 miles of organised air routes over 
which aircraft fly per annum a total of 49,000,000 miles and carry 
560,000 passengers and 3,500 tons of mail. In the British Empire we 
have approximately 40,000 of air route mil age over which our 
aircraft fly some 12,000,000 miles in the year carrying 255,000 
passengers, and 580 tons of mail. 

From the above it will be clear that air development within the 
British Empire has still a very long way to go before the business 
community as a whole is adequately provided with this essential 
means of communication. 

I have touched on some of our most important industries but 
have said nothing of the one that seems to me to be most vital, 
yet is hardly ever referred to in engineering circles—that of 
agriculture. 

The winning of coal and iron and the manufacturing of ships, 
locomotives, automobiles, and aircraft need not be stressed as the 
importance of all of these, and the many other industries not men- 
tioned, is well realised, but there is surely one which must be pre- 
dominant and that is the one providing the foods that we all need. 
Surely the agricultural industry is worthy of a pagition of importance. 

A greater development of agriculture should take place and the 
land now under cultivation should be made more productive, and 
a large number of now idle acres should be put under the plough. 

We should embark on a plan of intensive cultivation with a view 
to bringing the country nearer towards being self-supporting. 
At the moment there are about 1,500,000 horses in the country, 
but if we are to retain present methods of farming we will require 
some 5,000,000. They would eat as much as 10,000,000 cows or 
15,000,000 head of young cattle. Or in other words, the acreage 
required to feed 5,000,000 horses would feed about 25,000,000 people 
in a national emergency. 

The reason why I am asking you to give some thought to the 
question of agricultural development is because, in my view, this 
can only be achieved by mechanisation to the fullest extent. We 
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know that in the past there have been tractors and mechanical 
appliances of one kind or another, but none of these have been 
specially suitable to the task. 

The fact that this is so is evident when one considers that there 
are approximately, 100,000,000 farms in the world and not 1% of 
these are using mechanical power exclusively to-day. The reason 
for this is that no equipment yet produced has been found to do the 
work on the farm that horses will do. 


No man in the world is more willing to buy efficient machinery 
than the farmer, but he will not buy equipment that cannot displace 
the horse as it is not possible for him to maintain both. The exact 
nature of the work now being done with the horse must be studied, 


as machinery to be effective must do all that the horse does and at a 
reduced cost. 


In other industries the engineer has devised methods to supplant 
power derived from horses, wind, or water, and I feel convinced 
that a similar evolution can and should take place in this, the oldest 
of all our industries, and the one in which time has so far wrought 
so few changes. 


That the problems can be solved by engineers I am not for one 
moment in doubt. The production of such equipment would 
provide a great deal of employment in industry, and the substantial 
development in agriculture made possible thereby would result 
in the absorbtion of a very large number on the land. It will be 
easier in a time of emergency to bring in one ship with enough oil 
to produce with machinery a given volume of agricultural products. 
It would require over 330 ships of the same size to bring in an 
equivalent volume of agricultural products. 


I have ranged over a wide variety of subjects but have felt it 
better to give a general picture of the industrial situation as I see it 
rather than to deal with one specific aspect of it. It is so essential 
that we should look at the broad issues involved, even though our 
day to day work will keep us busy with specific technical deta ls. 


In compiling this paper I have been to considerable pains to 
secure information from various Government Departments and 
other authorities. I must confess that my searches have been sub- 
stantially in vain, as the authorities concerned have all said that 
little information exists but that if I will provide the staff they will 
give such help as they can. Surely it is an amazing situation when 
we hear so much of the help that governments are supposed to 
give to industry to learn that no authoritative information exists 
as to precisely what has happened in the past. It is only by knowing 
this that the reasons for the various ups and downs in trade can be 


thoroughly understood and plans laid to avoid, where possible, such 
difficulties in the future. 
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In conclusion I would like to say how much I appreciate the 
immense national value of the work that we are set on. Our 
Institution at the moment is still a small one but it is very healthy 
and active and growing all the time. It is quite unnecessary to 
make any comparison, but there can be no doubt that the importance 
of the work on which we are engaged cannot be exaggerated and will 
receive an increasing measure of support as the value of our technical 
services becomes more widely appreciated. 
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TWELFTH ANNUAL DINNER. 


HE twelfth Annual Dinner of the Institution was held at the 

Holborn Restaurant, London, on Friday, November 29th, 

1935. Lord Sempill, A.F.C., President, was in the chair, and 
the attendance numbered 170 members and visitors. 

The toast of “‘ His Majesty the King ” having been duly honoured, 
Mr. C. J. BartLert, in proposing the toast of “ The Institution,” 
said : I have thought once or twice as I have been sitting here how 
any man who knew nothing at all of this profession would tackle this 
toast. He would, of course, start off by expressing sympathy with 
your aims and ambitions and he would probably begin by illustrating 
his remarks by a little story. He might tell you the story of the man 
who went to his bank with the idea of raising a small overdraft— 
not a serious overdraft, but just a little one. The manager, however, 
confronted him with a stony look. So the man said, “ I only want 
a small overdraft. Haven’t you got any sense of sportsmanship ? ” 
At that the manager said, “I tell you what I will do. I have got a 
glass eye. If you can tell me which is my glass eye I will grant 
you the overdraft.” And the man said, “It is your right eye.” 
“Why, how did you guess that ?”’ the manager asked. “ It looks 
more sympathetic than the other one,” said the man. 

He would probably go on, and, still talking of your profession and 
your Institution, would explain at great length why you have an 
obligation to keep up-to-date. I believe he would illustrate that 
with a little story too. He might give the following one as an 
example. There was a Victorian lady who disapproved very 
strongly of some of these modern habits of the youngsters, and 
talking to her grand-daughter one day she said, “ You know, 
Kitty, there are several things which I disapprove of, but there are 
two words particularly that I disapprove of most strongly. One is 
poisonous and the other is lousy.” Kitty looked up and said, 
“* Yes, Granny, and which two words are those ? ” 

Well, I see that takes a little time to sink in. It reminds me of a 
man who said once that he could always tell the difference between 
an Englishman and an American by telling him a story. After 
telling the story the Englishman laughed three times, once when he 
heard the story, a second time when he had it explained to him, 
and a third time when he understood it; whereas the American 
never laughed at all,—he had “ always heard it before.” 

Well, it is time we got to our serious business, but before we start 
I will use just one more illustration. There were a couple of Jewish 
gentlemen in a punt and by some chance the punt overturned and 
they fell into the water. One could swim and the other could not, 
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so the one who could swim pulled the other towards the shore. 
Before he got there, however, his strength gave out, so he said to the 
other, ‘“‘ Can you float alone?” and Iky said, “My God, are you 
going to talk business at a time like this ? ” 

Gentlemen, now I must get down to this toast, and I do feel that 
I have a particular and personal interest in proposing it,because, 
although I cannot pretend to belong to the technical side represented 
by your Institution, I can at least pretend to belong to the com- 
mercial or administrative side of a company that is very interested 
in what you do. I should explain that the commercial side is one 
that spends half its time in listening to the wheedlings of Production 
Engineers who want to spend a lot of money, and the other half 
of the time wondering where the hell the money is to come from. 
But I would like to say that as far as I am concerned personally, I 
do feel that I can claim to represent what may be described as a 
branch of industry that takes the very keenest interest in production 
engineering and technical development. After all, there are a lot 
of academic gentlemen in this country of ours who spend a great deal 
of time and 2 great many words speculating whether or not it is good 
for our country to mechanise to the extent we are doing. I do not 
know what is the answer to that point. I have talked the question 
over with men who have lived much longer than I have and I have 
come to the conclusion that our job in life is, as most people’s job 
in life should be, to take the thing as we find it and make the best job 
of it we can. In tackling that question from the industrial point of 
view I feel most strongly that the future success of our country is 
still going to be bound up with the future success of industry. It 
is true that in many ways we can depend on the agility of this, that 
or the other political activity, but in the long run we have to come 
back to the type of work that we do ourselves. Industry, it seems 
to me, has got to recognise that mechanisation has come to stay. 
Whether we like it or whether we do not makes little difference. 
Let us, therefore, do the very best that we can with that organ that 
has come to our hand, and with that implement that is now in our 
possession and let us tackle the job in the best way that we can. 
I would plead most strongly for the simplest possible approach that 
you can make to this actual question of production engineering. 

I would like to just mention one or two points that have struck 
me in my experience of the thing and my experience of industry 
generally. It seems to me that, as a country, we are seriously 
open to the charge that we take a lot of things for granted. We 
even somewhat unconsciously take the superiority of the other 
fellow for granted, a little too much for my liking. I know we can 
look back over a commendable history in our industrial life. We 
can look back on what the old country has done, and I hope with all 
my heart that we can look forward to what the old country is going 
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to do, but I want to point out that there are nations—industrial 
nations—overseas, that to a large extent have passed us by. I have 
been extremely sorry to see this, although I am fully conscious that 
we had obstacles that could be recognised and there were drawbacks 
with which we were confronted. I would like to give every man 
who is engaged in the industrial side of industry the assurance that 
I have known personally and met many men engaged in industrial 
occupations who say that these drawbacks are nothing like as serious 
as they appear. Might I give you a simple illustration ? 

I have been repeatedly told that we cannot do this and we cannot 
do that because some nation to whom we are looking somewhat 
enviously has greater volume than we have. We can take this as 
an example of the worst type of “drawback ”’ that our industry 
meets, and the one to which we seem to be capable of offering 
worship that exists on little or nothing at all. There must be some- 
thing in the value of volume, of course, but what I would like to 
point out is that instead of sitting down and saying that, for example, 
“they ” have 100,000 volume and therefore how can we touch that, 
etc., let us go and have a look at that thing piecemeal and let us 
be quite certain that all those advantages that our competitor has 
are gained from his volume. I am going to say at once that this 
is not the case. I have seen repeatedly a factory engaged in turning 
out certain machinery with a volume of, say, 100,000 units a year, 
and you can see that they are performing an operation for which 
there are 20 machines in a battery engaged on this or that operation. 
My point is that were we only to examine that outlay we would find 
that if we had a volume of, say, 5,000 units, one of these machines 
could quite easily be employed in our job. 

Gentlemen, I have the greatest and most sincere belief that along 
the lines of production engineering and similar technology the future 
of our country is going to lie, and I would ask you in all sincerity to 
let us try to do away with any preconceived and prejudiced notions 
that we may have and let us examine things as we find them, Too 
often have I been confronted with an answer that was the answer 
given five, ten, fifteen years ago—on the assumption that times 
have not changed. I say they have changed. 

I would once again repeat that, representing this side of industry 
as I have explained to you, we are extremely interested in what 
you are doing, and if you can tackle your side of the job sincerely, 
earnestly and in a detailed and thoroughgoing fashion, with the 
necessary evidence to show the soundness of the action you want to 
take, you are not going to find any difficulty in modern industry in 
getting the sinews of war that are necessary. 

That is just about as far as I want to take my message, gentlemen 
but perhaps I might be allowed one more reminiscence. I met an 
old friend the cther day and he reminded me of a remark that 
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occurred when we were playing in a village cricket club a few years 
ago. They decided that they would have an Annual Dinner, and 
they had one, held at the village pub, and because of the necessity 
of speeches they had to call in the squire, and one of the squire’s 
visitors proposed the toast. The squire was a gentleman who took 
things rather seriously and after making a little speech he finished 
by saying, ‘‘ Would you be kind enough to see that your glasses are 
charged with me and drink the health of so-and-so.” Somewhat 
astonished, the squire received a bill for the amount due for the wine, 
and he asked what it meant. So he was told that he said they 
should “ see that their glasses were charged with him” and so 
received a bill for the drinks allround'! Iam afraid my imagination 
wanders a little at what would be my fate if I should be similarly 
misunderstood. 

Well, gentlemen, let me once again assure you of the very great 
interest that is taken in your side of industry and let me have one 
more little final plea. I would like to see this production engineering 
side of industry a little more widely known. I would like to see it 
followed more definitely as a profession, because as I have explained 
to you I do believe that there is a great future open for organised 
technology in England, and I would like to feel, as we move about in 
industrial circles, that the Institution of Production Engineers and 
similar institutions are a little bit better known than they are now. 
Gentlemen, I give you the toast of ‘ The Institution of Production 
Engineers,”’ coupled with the name of Lord Sempill, your president. 


LorD SEMPILL, president, responding to the toast, said : I consider 
it a great honour and privilege to be here in this position to-night and 
I am fully aware of the difficult task that I am performing now in 
responding in what you would consider adequate terms to the toast 
so ably given and so cordially drunk by all of us. It struck 
me that in his speech Mr. Bartlett got right down to the point, 
and it was a very refreshing thing to hear real home truths of the 
kind coming from him, because after al] he is one of the leaders of a 
very important section of one of our great industries. So many people 
are apt to generalise and to tell us how wonderfully everybody else is 
doing and how difficult everything is. But Mr. Bartlett does not take 
that view at all, but takes in my opinion a far more sensible view. 

As you know, many of his chief officers on the production side are 
very closely associated with the Institution’s work, including 
Mr. Jenkins and Mr. Gilbert, both of whom have given several 
papers to the Institution that have been greatly appreciated and 
have been in demand at more than one of our local sections. 

Now, I think that when a man is brought into a new job for the 
first time, as [ am, one of the first things he has to do is to make 
himself familiar with the work and take a survey of the position as 
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he finds it. Comparing the position of the Institution to-day with 
its position ten years ago, when it was four years old, a short 
summary, even to most of you who are familiar with the facts 
may be interesting. 

In 1925 to 1926 there were 140 members, compared with 1,200 
to-day ; there were two sections, compared with sixteen to-day ; 
there were eleven lectures, compared with 112 to-day; the sub- 
scription revenue was £308, in comparison with £2,200 to-day , and 
the average attendance at meetings which used to be 350 has 
risen to approximately 8,000. These figures certainly speak for 
thenselves as showing the progress in the Institutions’ affairs. 

The early years were largely devoted to laying foundations on 
which the present structure has been built. Expansion first began 
under the presidency of the late Mr. Hutchinson, to whom, as you 
know, a memorial is now being raised. Then, in 1929, it was 
decided to open an office and appoint a full-time secretary. Sir 
Walter Kent, who is on his way to recovery after a very serious 
operation, interested himself very greatly in setting up a number 
of new local Sections, no less than eight new Sections being opened 
during his two years of office. 

Now, I have no doubt you would like to send a telegram to Sir 
Walter, so I have drafted one that I think you will find satisfactory. 
Just as I completed the draft one came from him addressed to all 
of us. The telegram I propose to send to him is :— 

** We, the members of the Institution, who have benefited so 
very materially from your two inspiring years of leadership, 
send you all the most cordial expressions of sincere admiration. 
and goodwill. We are looking forward to seeing you with us 
again in the near future full of your never-flagging energy.” 
The telegram that Sir Walter has sent to us is :— 

** Affection and heartiest greeting to all members and warmest 
congratulations to the Institution upon the entry of Lord Sempill 

. into his term of office, with a confident assurance that the 

Institution will flourish thereunder as never before. Very sorry 

that the exigencies of my situation prevent my participating in 

80 auspicious and happy an occasion, but though absent in body 

present in mind and goodwill—Walter Kent.” —(Applause}. 

A satisfactory feature of the growth of the Institution is that the 
increase of membership during the past six or seven years has been 
steady, and that the ‘“‘ membership turnover’ has been very small 
indeed. Members who attended, even in the early days, have not 
fallen away in any large numbers. The full total admitted since 
the foundation of the Institution in 1921 is something over 1,400 
members, and when allowance is made for deaths, retirements, and 
the depression through which we have passed, a membership of 
1,200 as it stands to-day shows that there have been very few 
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desertions. Further proof of that, if it were needed, is to be found 
in the fact that there are many members who are with us to-night 
who were present at the birth of the Institution and who are still 
serving on the Governing Body, as for example, Mr. Scaife, Past- 
President of the Institution, Mr. Hales, Past-President of the London 
Section, and Mr. Armitage, of the Birmingham Section. 

Apart from the steady growth of the Institution during recent 
years, certain features of its work during that period stand out above 
others. First and foremost is the work being done in the educational 
field. There the Institution has set itself two objectives—one, to 
improve the technical education connected with the training of 
engineering craftsmen, and the other, to improve technical education 
connected with the training of production engineers. In the case 
of both of these objectives it is meeting with a very satisfactory 
measure of success. 

A new student centre of the Institution, the first of its kind in 
our case, is about to be opened in the early days of 1936 at Lough- 
borough College. 1 am hoping to be there myself. I had a letter 
about fourteen days ago giving me the dimensions, a note of the 
obstructions and the acreage of the college grounds, which they 
thought would be suitable for landing purposes. Subsequently, 
however, they thought that the field was a little too small, so they 
chose another one. 

In addition to its educational work the Institution is now doing 
real service to the British Industries by acting as one of the factors 
in securing that our country does not fall behind others in the 
application and development of the science of production engin- 
eering. In doing this it is helping to maintain our industrial efficiency 
and it is steadily raising the standard of professional skill, and there- 
fore incidentally the status of the production engineer. 

I would like to say in relation to some of the final remarks made 
by Mr. Bartlett to the effect that he wondered whether the pro- 
duction engineer would gain a professional status as such, that I 
think we may rest assured that that definitely is so. One of the 
things that was taken up by our late President, Mr. Tom Thorny- 
croft, was in relation to that fact, and he got in the end a very 
satisfactory and proper answer from a kindred Institution that had 
raised a question about our definitions and objects. 

On the other side Mr. le Maistre, who is on our toast list, will 
no doubt be able to tell you how valuable the Insitution is in regard 
to his work. I am glad to see him here because I am very interested 
in the British Standards Institution. We have all been concerned 
with it in some way or other and I am proud to be one of those 
associated with Mr. le Maistre in the early days of the work that has 
been done so very effectively. 

The Council of the Institution will no doubt continue the policy 
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of expansion and development which has progressed so well up to 
now, but there is still a great deal to be done in regard to opening 
up new Sections. The number of potential members must run into 
many thousands, even though a strict standard of qualification 
is required for admission. There is no intention of rushing this 
growth faster than is wise, but there is ample scope in many direc- 
tions for more development. 

At the general meeting a few days ago at which I gave ray Presi- 
dential Address Mr. Gordon England drew the attention of members 
to the fact that the Institution is still not well enough known in 
general commercial and industrial circles. This I fully believe 
to be so, and that fact was touched upon in Mr. Bartlett’s speech. 
It is a serious handicap to the Institution and a great loss to industry 
because it means that industry as a whole is not making sufficient 
use of this admirable organisation for improving industrial efficiency. 
The time has come when we should give serious thought to that 
problem. The Institution has passed the experiemental stage, it 
has steadily proved itself of great use, and it is now time to say 
to British Industry, ‘‘ Here we are ready to help. Let us consider 
together the best means and ways to co-operate.’’ This is a matter 
which the Council can usefully consider and I am proud to think 
that I shall be joining with them in that work. 

A study of the rules of the Institution shows that provision is 
made for a grade of membership covering manufacturing firms. 
Although the number of our affiliated firms is yet small, the list 
shows that the firms actually cover a varied range of industries. 
Motor-cars, machine tools, oil, general engineering, and even playing 
cards and fountain pens, not leaving out the very important part 
of bank notes, played by one of the firms of manufacturers. Surely 
this provides a ready means of spreading our influence. If we get 
down to the job we should be able to affiliate a large number of 
firms and it would be a fine thing to get them to associate themselves 
actively with our work, through membership. It would be easy 
to make such a scheme worth while to both the firms and the 
Institution. In a matter of this kind someone has got to start the 
ball rolling, and the people who can best do this are those firms with 
which prominent members of the Institution are associated. Why 
should not our members of Council and others approach their firms 
on this matter? I suppose I should not mention names without 
previous notice, as of course nothing has yet been given out. But in 
considering what we can do to make our Institution better known 
among industrialists, all our members should do their best to help 
in this respect. [regard our work as being of the highest importance. 
‘The road to greater and. more permanent national prosperity 
can only come through well directed and united effort. 

I thank Mr. Bartlett very much indeed for the admirable way 
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in which he has proposed this toast of the Institution, and.I kuow 
you feel, one and all, exactly.the same as:I co,-*Personally, [have 
no doubt that the Institution is going from éne success to another. 

Now, before I conclude, there is one very pleasant duty -for me to 
perform this evening and ‘that is the présentation ‘of -the medal 
for the best paper by a member for the 1933-1934 session, won by 
Mr. E. J. H. Jones. Mr. Jones’s paper, as you know, was chosen as 
the best and was written on the subject of Jig and Tool Design. 
There were thirteen sections which competed. Therefore I have great 
pleasure in pinning this silver medal on his jacket.—(Anplause). 

Mr. E. J. H. Jones: My Lord President and Gentlemen, I 
have set out to domany things in my time, in common with most of 
you. For my part, however, only some few have been achieved. I 
should never, therefore, have had the temerity to place on my list 
of the things to be done—the winning of this medal. You can 
imagine, therefore, how proud I am of the distinction which you 
have conferred upon me. I am toying with the idea, and I am not 
at all sure but that I shall not charge my good companions on this 
table half a crown to speak to me this evening. 

Mr. E. W. Hancock : It is my privilege this evening to propose 
the toast of “Our Guests.” I have just been informed by my 
friend, Colonel Bray, that he was appointed for this toast, and that he 
told our Secretary that he would be indisposed this evening! But 
he is sitting here, and if this is his idea of indisposition I would like to 
know what he looks like when he is really well. 

This toast is coupled with the name of Mr. le Maistre. He, as you 
know, is the Director of the British Standards Institution and he 
has carried out a very marvellous work, a work which is very close 
to the interests of our Institution. Standardisation to certain 
uninformed gentlemen savours of stagnation and permanency, 
thus preventing development and progress. But no doubt Mr. le 
Maistre will tell us that in this ever changing world of ours so 
also do standards change. 

In looking up the word “standard ” the other day in the dic- 
tionary, I find that the first description does rather savour of 
stagnation and permanency. It says, ‘‘ that which is authoritatively 
established as a rule,”’ and I must admit that this does sound very 
hard and fast. The next description, however, is more encouraging. 
It says, “‘ that which is established by public opinion or custom,” 
and [ think anything which is associated with public opinion is 
something which is ever changing. I believe that this is the right 
note that we should work on, and I am sure the one which Mr. le 
Maistre is following. 

The word “‘ permanent,”’ to-day, I think has an entirely different 
meaning to that which it used to have, and my interpretation of 
the word, ‘‘ permanent,” is ‘‘ permanent for the time being.” I 
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think. this ladies give us the modern.version of this word permanent 
as I know for a fact that my wife-+has her hair waved “ permanently,” 
twice a year! Nevertheless, in this ever changing engineering life 
it is nécessary to-have a standard basis.on which to work. 

1 have spoken of standerdisation this evening as Mr. le Maistre is 
one of our honoured gusts, and I wanted him to feel that we are 
very appreciative indeed of the work that he and his Institution 
are doing. 

We have with us also as a guest, Mr. Bartlett. We have had 
the pleasure of hearing him this evening and he has given us one of 
his typical frank and open speeches, and what he says is always 
interesting to our Institution, Those who have been fortunate 
enough to make contact with him, always find him a most inspiring 
man not afraid to criticise, but always in a most amiable manner, 
as he has this evening. We are delighted to have him with us this 
evening and whilst appreciating his past interest we hope that he 
will become a little more closely associated with us. 

We have also with us this evening two gentlemen connected with 
the Technical Press, Mr. Allen, and Mr. Chubb. These two gentlemen 
have given us their personal support through many years and their 
technical journals have done a tremendous amount to forward the 
work of the production engineer. Their ability to distribute, 
impartially, technical information, has helped us considerably in 
our everyday work, and we are very pleased indeed to have them 
with us to-night. There are also very many other guests here this 
evening too numerous to mention individually and on behalf of the 
Institution, I welcome you and are delighted to have you here 
with us to-night. 

We have heard in the previous speeches reference made to the 
importance of our Institution being more generally known, but I 
believe that one of the most appropriate forms of spreading this 
knowledge is through the medium of our guests, hence the warmness 
of my welcome to you. Gentlemen, I will ask you to charge your 
glasses and rise and drink the toast of “‘ Our Guests,” coupled with 
the name of Mr. le Maistre. 

Mr. C. Le Maistre, C.B.E., in replying to the toast, said: I 
really was very embarrassed when I was asked by Hazleton to come 
and say a word or two, but I was not told that I had to stand up 
in the position I have to to-night. Now I am not an after-dinner 
speaker and I am not in the least witty. You can imagine that by 
the work I have to do, and so I will be brief and if by any chance 
anything in the few words I have got to say savours of a little 
frothiness you must put it down to the magnum of soda water which 
I have been drinking. Let me first of all, Mr. President, thank you 
very much indeed for the kind references that you have made to 
the work that it has been my privilege to watch over for, now, well 
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over 30 years. We are certainly one of the most co-operative 
movements in the country and certainly one of the greatest voluntary 
movements, because the work which is being done in this country 
to unify the needs of industry and not to crystallise them is done 
by men—over 5,000 of them—who give their time and their experi- 
ence to this work without fee or recompense. The officials of the 
B.S.1., myself and my staff; do no more than take their instructions, 
though some people are a little inclined to think otherwise. 

The toast has been put to you in such felicitous terms that for 
that part it is not difficult to reply. It was very differently put 
in a toast that I heard a little while ago, when the gentleman propos- 
ing it took the names of each of the guests, went through every 
virtue they possessed, hesitated over some sides of their characters, 
till a guest alongside of me got a little bit rattled and said, ““ Good 
Lord, we have heard all that before. After all what he has told us 
is all to be found in any reference book.” Perhaps you know of the 
little boy who got into a similar position. It is an old story, but I 
think it will bear repeating. There was a school teacher who was in 
the habit of allowing the children to write an essay and to choose 
their own subject, and on this particular occasion they chose the 
subject of King Alfred. So the teacher said, ‘‘ Well, you can write 
about King Alfred if you like, but there is one thing that you must 
not mention, and that is the burnt cakes. Please leave that out.” 
So the little boy wrote a very simple story and it went as follows : 
“ King Alfred was a very great king. He won many battles ; he lost 
others. And one day when he was going through the forest very 
disconsolate he came across a woodman’s hut and he knocked at the 
door and the door was opened by a beautiful lady, and he asked the 
beautiful lady, ‘‘ May I come in ? ” and she said, “Yes, you may come 
in.” So he went in and the door was shut, but I must not tell you 
what happened after that.” 

Now, gentlemen, replying for the guests, I know I have everyone 
of the guests with me when I express to you our most grateful thanks 
for an extremely good dinner in most delightful company, and I can 
only say that I hope that each one of us has behaved himself seemly 
so that we may be asked again. 

I did not propose to say it—it is not quite in the toast replying 
to the guests—but for my own organisation we do indeed take a 
very great interest in the work and progress of this Institution, and 
I feel sure that it can play no small part in assisting in the mechanical 
side of our standardisation work. No one knows better than the 
production engineer the difficulties of tools and gigs and every piece 
of apparatus that is used in the mechanical side of our manufacturing, 
and there is not the slightest doubt that a great deal of work and 
proposals can come to us, well studied from every point of view, so 
that without too lengthy a discussion they may be turned into useful 
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standards in industry. So I look forward to co-operation with you 
for many years to come. 

I wish to thank you again for the very kind way in which you 
spoke of the work of the British Standards Institution which, like 
your own, is after all only beginning to be known. But it has a very 
big future before it and so I am sure has your Institution. 

Mr. Tom THornyorort, in proposing the toast of “The Presi- 
dent,” said : Though my toast comes last I think it really is nearly 
the best. I must not say that “ The Institution ” is not the best, 
because it embraces everybody, but Lord Sempill, our President, is 
the finest president we could have, and I think that the Institution 
is extremely lucky in obtaining Lord Sempill to be its president. 
I have known Lord Sempill for a number of years and I am quite 
certain that what I am saying is the truth. You have got in Lord 
Sempill the most sincere President you are ever likely to obtain. 
He has entered into public life in various spheres. He has taken an 
interest in many activities that are good for the public and have not 
necessarily been of any benefit to himself. He is energetic, he knows 
about public affairs and he has vision. 

I met him a little time ago, and I asked him how he was, and I 
discovered that quite quietly he had flown all the way to Australia 
and back without any noise about it, and he has told me this evening 
that he only had two small overhauls in all the time for the sum of 
about 4s. 6d. His engine is as good as it was when it was built. 
That obviously shows that he has vision and that he has practical 
experience. 

We have taken the opportunity of obtaining a wise President 
and now we must make the most of it. The question of opportunity 
came out in a previous speech, as did also the question of making 
our Institution better known, and we must back up our president in 
the work he does for our Institution. 

Both Mr. Bartlett and our President said that too few people know 
of this Institution. We are a new Institution, but we share many 
of the ideals of engineers who have gone before us. We have 
probably even better ideals than some engineers in the late past. 
Now we have to look ahead and keep our high ideals of good work- 
manship and high production in order to keep the workmanship of 
this country better than that of the rest of the world. It is no good 
making intensive production unless you make good production. 

Lorp SemprLit: I thank you for the way in which you have 
received this toast, and I thank Tom Thornycroft for the far too 
kind words in which he proposed it. 

He was good enough to say that I had vision. I need not remind 
you that we have with us to-night people in this room who should 
certainly have been mentioned far in advance of myself in any 
connection of that kind—men who are real pioneers. To the work 
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that these people started in the early days, through vision, we are 
striving to-day to give full effect. 

Mr. Thornycroft also referred to the time that I have spent at 
Derby. I do look back with the greatest pleasure to the time when 
I was in Derby. It was the most interesting time of my life and I 
often wish, in the turmoils of the present day, that I was working 
back on the bench again, starting at six in the morning and getting 
off at nine, if I was lucky. 

It is a great privilege to be President of this Institution. What 
Mr. Tom Thornycroft says should be done for the Institution is 
perfectly true. It should be carried out, and I am sure that Mr. 
Hazleton will keep on stamping me on the foot and reminding 
me of this—not that that will be necessary. I will try to live up 
to the very high character which Mr. Tom Thornycroft has just 
given me. 
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THE PRODUCTION OF COMMERCIAL 
MOTOR VEHICLES. 


Paper presented to the Institution, Preston Section, 
by C. T. Skipper, M.I.P.E., Section President. 


Introduction. 


ARIOUS inventors had previously speculated upon the 
V possibility of a self-propelled vehicle, but it was not until 
1769 that Cugnot actually built a self-propelled steam 
carriage, and carried out demonstrations on the road. The 
idea of applying steam to such a use had been suggested to James 
Watt but he did not offer any encouragement to the scheme; in 
1802, however, Richard Trevithick built and tested a steam vehicle 
in England. 


The first successsful internal combustion engine was built by 
Lenoir in 1862, and it is claimed that the first road vehicle driven by 
a petrol engine was built by Daimler and Benz in 18&6. 


The early pioneers of mechanical road transport must have 
had tremendous difficulties to overcome, as the general outlook of 
people was so different then to what it is to-day. An interesting fact is 
on record that Mr. James Sumner, one of the founders of Leyland 
Motors, was himself fined 10s. and costs for failing to have a man 
with a red flag walking in front of his vehicle. Since then there have 
of course been great changes brought about in the motor industry, 
and nowadays there is hardly a place which is not linked up with 
*bus services. The process of evolution still goes on, and to-day we 
have the aeroplane as another means of transport. 


The motor vehicle has unquestionably been responsible for an 
industrial revolution during the last thirty years, and its rapid 
development has brought it into being one of the premier industries 
of the country. It has also been responsible for bringing other 
industries such as rubber, oil, metal trades, glass etc., into line 
to support it ; not forgetting the machine tool industry which has 
also greatly benefited. 


In spite of laws and restrictions, it can certainly be stated that 
the motor industry is still progressing. Within the last year or so 
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on the commercial vehicle side—compression ignition engines have 
become established—hydraulic transmissions are a commercial fact 
—and the steel framed all-metal body, which should help to produce 
lighter vehicles with a greater load carrying capacity, is now 
available. All these are perhaps more or less familiar to you, but 
it is often true that the more familiar one is with something, the less 
it is appreciated. 


Preparing for Production. 


Let us now turn to the production of these modern heavy vehicles 
of transport. In the production of commercial motor vehicles the 
factory has to be able to cater for a great variety of models, as well 
as frequent deviations from standard machines. Chassis may be 
required to carry from one to twelve tons pay loads, each with 
oil or petrol engine—gearbox or hydraulic transmission—varying 
lengths of wheelbase—different axle ratios—and many other minor 
variations in regard to proprietary fittings, equipment, lighting, 
tyres,etc.,etc. It is obvious that, in order to deal satisfactorily with 
these conditions, both the organisation and plant must be flexible and 
readily arranged to cope with them and not dislocate output. 


It goes without saying that the popularity of its product is one 
of the foundations upon which a successful business organisation is 
built. Every effort should therefore be taken to ensure that each 
unit and part of the vehicle is perfected and subjected to thorough 
tests and research work, before it is handed over as a standard 
feature. ° 


When a model has successfully passed through its exhaustive 
experimental stages, then it is necessary to prepare it for quantity 
production. Here it is most essential that designers and production 
engineers should meeton common ground, for itisin theseinitialstages 
that valuable work is accomplished. Ifthe principle of design is not 
affected, modifications to drawings should be made without lengthy 
discussion, in order that each component con be made cheaply and a 
commercial proposition. This preliminary work is of first importance 
for it is just as easy to produce cheaply, a badly designed article, 
as it is a well designed one. The question of the provision of new 
tools and equipment can be reduced tc a minimum when some 
system of standardisation is in being, along with the link 
between drawing office and works. Splined shafts, broached holes, 
circlesof holes, bushes, cover plates, housings, bolts, and many otker 
similar components are listed on standard charts and used whenever 
possible on new designs, thereby saving considerable expense on new 
tool equipment. A standard system of limits is also in use, as this 
also helps to reduce the tool and guage costs. Thus it is possible to 
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reduce excessive production costs, and render the work of the 
works organiastion much simpler in the subsequent stages. 

After this preliminary work is finished, it is then possible for the 
designers to hand over to the works the full complement of prints 
(covering each part) for the new unit which is now regarded as 
standard, and which is issued on a “ prepare for production ”’ basis. 
Along with these prints should be issued a specification sheet on 
which is marked details of each and every part which is required 
to make up the complete unit. Copies of these should be handed 
to various works departments, including planning, shop pro- 
gressing, stores, and assembly sections, and reference to their 
use will be made later. 

At this point I would like to make reference to the unit schedule 
sheet, which is, in our opinion, a necessity in a commercial vehicle 
factory. It is continually before the eyes of designer, salesmen, 
costs accountant, works Manager, shop superintendents, and in 
fact everyone connected with the works programme. On it are 
marked all the various models which the factory can offer, and 
against each model is recorded all the individual units which are 
required to make it. It will be appreciated that one unit can be 
used on several models, and that this schedule gives at a glance a 
complete survey of all the separate units and models required 
during the period covered by the schedule sheets, which are 
issued at definite intervals. An additional sheet is issued to cover 
any “‘out of standard’’ models, and reference is made, where 
necessary, to indicate special details. 

Immediately upon receipt of the standard prints the works 
planning section thoroughly investigates the manufacture of each 
component. First it is determined whether it is more economical 
to produce the parts in their own factory, or buy them out as a 
finished part—then rough material drawings for forgings, stampings, 
etc.,are prepared. Each jobis planned giving sequence of operations, 
machines used, piece-work times, details of equipment, ete.—jigs 
and tool equipment are put in hand. *If it is necessary to put a 
quantity of components through the shops immediately, then a 
further temporary planning sequence is got out, which is used until 
the full equipment is ready for issue—machine capacity is carefully 
checked—flow diagrams are drawn up—machine tool propositions 
are carefully reviewed. In fact every step is taken to start the job 
on a sound production basis, and give to the shops the fullest 
information relative to the part itself and the equipment required 
to produce it. No matter what methods prevail in any factory, 
it is a fact that they can always be improved upon. Every concern 
should realise this important factor, and see that improvements are 
continually sought after and affected, 
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Material Supplies. 


It has been previously pointed out that the output from a 
commercial vehicle factory is of a rather complex nature, but 
despite this factor, it is essential that some organised programme is 
determined and laid down in definite figures. An ideal procedure 
is to budget for twelve months; whereby the management 
authorises the works to manufacture over this period a given quantity 
of each of the various models on the unit schedule sheet. This must 
obviously be subject to minor revision, but in the main it is accepted 
and used by all sections of the factory organisation. 


Under conditions such as these: The buyer is able to obtain 
inquires covering the twelve months’ material requirements, and 
is thereby able to ensure economical purchasing ; as outside suppliers 
are able to quote for large quantitites, and give their best prices. 


The estimated output fizures are also useful in determining the 
best form in which to order the material supplies; as often it is 
found profitable to invest in expensive dies and press tools. 


The works departments find it most advantageous to have this 
fixed output before them. They are then able to determine where 
special equipment is an advantage, and can find out from machine 
occupation analysis exactly what is the factory’s manufacturing 
capacity, and where extra machine tools or equipment are required. 


Although official sanction is given when ordering the twelve 
months’ material supplies, it is understood that all material is held 
by the supplier and delivered only to material demand notes, which 
cover periods from one to three months. This procedure avoids the 
necessity of the factory carrying the whole yearly stock, and a 
special works’ progress section is responsible for requisitioning the 
regular material supply by demand notes. This department is also 
held responsible for the urging and progressing of all material, 
whether rough or finished, which is purchased from outside suppliers. 
A weekly report is furnished giving details of any supplies likely to 
cause delay in production, and steps are taken for this to be remedied; 
if it is advisable, an alternative source of supply is arranged. 


In the present day mass production factory is is often possible to 
organise and co-operate machining with assembly in such a way as 
to obviate the need for finished part stores, but in the average 
factory it is advisable to have stores for both rough and finished 
parts. Generally, these sections can be used to hold the key for 
all production requirements. An efficient method of stores control 
is the system of maximum and minimum stocks. As soon as any 
component stock comes down to minimum the storekeeper notifies 
the progress department, who immediately demand the necessary 
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rough material, or outside finished parts, as the case may be. If 
the part is machined in the works, then the control section is in turn 
advised, and an order is placed on the machine shops. This order is 
marked with a “due date” to indicate the date by which time 
the order must be completed, so as to keep a continuity of supplies 
in the stores. Weekly bulletins are issued of overdue orders. This 
control or progress section is the driving force in the machine 
shops activities. It is their duty to see that the planning result is 
directed into proper channels, and is given the opportunity to 
demonstrate in practice the soundness of the theory. The planning 
staff know that the work can be handled ona certain machine, 
and that it can be completed in a given time, but it is for the 
progress staff to see that this will be done. These two departments 
working in conjunction with each other become a scientific force 
which is a basis of modern manufacturing progress. 


Manufacturing Methods. 


At this stage I would briefly mention a few points of general 
interest relative to the machine shops and manufacturing methods:— 

(1) The inspection of rough material supplies must be arranged, 
if full productive capacity is to be safeguarded. In order to ensure 
that all available machining hours can be utilised, it is most im- 
portant that material should be handed over to the machine shops 
in a uniform and suitable condition. 

(2) The use of jigs and fixtures must to-day be considered in every 
engineering shop, as by their use interchangeability is safeguarded, 
and quicker production is obtained. It is most essential that all 
jigs should be tested before issue to the works, to ensure that 
accuracy and ease of handling is maintained. I do not propose to 
discuss the fundamental principles of jig design as, to a practical 
engineer, these are obvious, but all jigs are arranged so that the 
job is easily loaded, elaborate setting devices are avoided, clamps 
made accessible and operated with quick motions ; in fact every 
effort is made so that loading time is reduced to a minimum. 

(3) Standard machine tools are used almost throughout, and only 
in isolated cases can special machines be profitably installed. By 
the use of swing tables with loading station, indexing jigs, dead 
centre cutting fixtures, etc., it is often possible to incorporate the 
features of a special machine on one which is standard. The replace- 
ment of old and, generally speaking, inefficient machine tools is a 
factor which should be carefully and constantly considered, and a 
system j\roviding for the continual replacement of obsolete machinery 
should be in operation. When a factory is busy and flocgr space 
is valuable ; if the cost of rents, rates, and taxes were accounted 
for, coupled with the increased production obtained, the installation 
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of new machine tools is often a sound investment, instead of a 
capital expenditure. It is a fact that the condition of a firm’s plant 
to a large extent is an indication of the quality of workmanship 
produced. The evolution of machine tools during the last decade 
has been revolutionary, and if firms do not continually investigate 
the advantages of new equipment with a view to mod rnising their 
shops, then it is more than probable that their machinery will soon 
be obsolzscent and their production costs increasingly prohibitive. 
The introduction of the new cutting alloys emphasises this fact, 
as only maximum efficiency can be obtained by their application 
on the right type of machine. 


(4) In a few cases only is it practicable to apply line production 
methods ; where quantities are comparatively large as in the case 
of connecting rods, brake shoes, etc., or for the heavier components 
such as axles, cylinder blocks, heads, cranksl afts, etc., it is often 
advantageous to do it. Generally speaking, however, batch pro- 
duction methods are adopted, and machine shops are arranged 
with batteries of similar types of machines to form sections such as 
Turning, drilling, milling, and grinding sections. This system natu- 
rally increases transpcrt, but it means that machines can be kept 
in constant operation up to their full working capacity. 


(5) Many of you no doubt have had experience of the scrap work 
problem, and have probably introduced scheres to obviate this. 
The practice we use is for an operator, v hen he begins on a new job 
mu :t have his first component thoroughly inspected and passed as 
correct before he proceeds with the remainder of the order. Special 
“sample ”’ inspectors are appointed to deal solely with this work, 
and notices are placed through the works to this effect. 
Inspection plays a most:important part in the factory organ- 
isation, for is it not true that the quality of a product very 
often establishes a market for itself. Instead of being looked upon as 
a necessary evil, the inspection staff is made to realise their responsi- 
bility. Inspection methods have advanced rapidly in recent years 
due to the very accurate and easily operated instruments which are 
now available, and many parts can be inspected purely as a 
mechanical operation to the closest tolerances, without any 
skill from the operator. 


(6) When new models are introduced unforeseen difficulties are 
continually being met during the experimental stages. An interes- 
ting one with regard to the oil engine was the suggestion of a case- 
hardened crankshaft. Normally as a producticn job it would have 
been avoided by the works, but as I had seen a similar crankshaft 
produced in quantities in America, we were only too pleased to have 
the opportunity of tackling the job. When approached by the 
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engineering department regarding the introduction of this feature 
they were more than surprised that numerous. objections were not 
raised. 

Before introducing it into the shops, each stage of manufacture 
was considered in detail. Although a certain amount of experimental 
work had first to be carried out, it was only a matter of a few weeks 
before the case-hardened crankshaft was in production, and we are 
now turning out about 75 of these cranks each week. The part is 
treated in an orthodox manner, with suitable allowances for con- 
traction, etc., the webs are copper plated to keep them soft, and the 
crankshaft is quenched a jig in order to prevent as much distortion 
as possible. After hardening, all finishing operations are completed, 
and finally the cranks are balanced, and all bearings are accurately 
lapped to a nominal size. 

With regard to the crankcase, the main bearings are diamond 
bored in their own casing to a fine tolerance ; allowance in design 
having been made, in relation to the crank diameter, for an oil 
film. The same procedure is also followed out for the connecting 
rod. All these sizes are most carefully checked and maintained, 
thereby simplifying the subsequent assembly operations. 

(7) Referring to another production unit, the hydraulic 
torque converter; this presents unique problems of manufacture, 
calling for a tool room accuracy in machining and extreme 
cleanliness in assembly. A few words about the turbine portion 
would no doubt be of interest. The blades are machined trom 
bright drawn and extruded bar, some of steel and some of 
brass, these being turned on capstan lathes with rivet shank 
ends for assembly between two members, and riveted. together. 
In an assembly jig the blades are located and held at the correct 
pit :h by a number of “ pitch bars ’’ during the riveting operation 
unier a vibratory hammer. Correct balance is necessary, and the 
machining operation on the sealing diameter and faces is a very 
accurate one ; consequently the units are practically re-machined 
after riveting. 

The turbine assembly operations are carried out in a “‘ dust 
proof ”’ room, each completed converter being finally tested on a 
machine which has been specially designed for the purpose ; the 
efficiency of the unit being arrived at by a measurement of the 
losses. 

(8) The extended use of aluminium die-castings has been a 
feature of recent years, and great savings have resulted from their 
application. A gearbox casing and a compen casing are typical 
examples, weighing 52 lb. and 40 lb. respectively. The die for the 
gearbox casing is arranged with 28 mould parts, the time taken to 
cast is fifteen minutes, and the saving over a sand casting is 14s. 4d. 
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each. In the case of the compen casing the mould parts number 
15, the casting time is ten minutes, and the resultant saving is 6s. 
each. 

Further savings are made in production costs, as clearance holes 
can be arranged in the casting instead of having to be drilled, less 
machining allowance is necessary, and a perfectly uniform casting 
is obtained. 

(9) Ratefixing is a rather delicate subject to speak upon, but 
almost universally the practice of payment for production work 
of a flat hourly rate has been superseded by a method of payment 
which provides an incentive to the operator. The type of system 
applied in our factory is the straight bonus on time system without 
frills and complications. For the successful operation of any 
system it is a vital necessity to have ratefixers who are thoroughly 
practical men of integrity, who can obtain the confidence and good- 
will of the men. As well as knowing the theoretical capacity of a 
machine by means of feed and speed calculations, a good ratefixer 
must also be familiar with the relations of the machine itself in 
respect to the specific job, the special facilities provided for that 
job, and the capabilities of the operator. Weekly reports are 
circulated giving particulars of jobs in debt, time lost, and special 
allowances, giving reasons and explanations for each. 

(10) Before any component part is altered, the suggested alter- 
ation is submitted before a “ modification meeting ’’ which is held 
weekly, and is attended by works and designs officials. After dis- 
cussing all details, the alteration is either agreed or turned down. 
If agreed upon, a note explaining the alteration is made on the draw- 
ing of the part, and a grade number is quoted beside it. This grade 
number denotes the type of alteration, and three grades are classified 
as follows :— 

Grade 1—Prepare for production, using existing stocks. 
,  2—Alter existing stocks. 
» 3—Scrap all stocks. 


Assembling and Testing Details. 


Passing on to the assembly sections of the factory, these are 
regulated on similar lines to the machine shops. Units are stored 
with maximum and minumum stocks, and orders for unit assemblies 
are issued accordingly. When a unit order is issued it is the duty 
of the finished part stores to hand over to the particular assembly 
section concerned, complete sets of parts (as per the specification 
sheet mentioned earlier). It is not feasible to mechanise this side 
of the factory to any great extent, due to the limited and varied 
quantities, but every means is employed to cut out long hand 
operations. Every possible step is taken to obviate the use of file 
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or chisel, and all assembly troubles, no matter how minor, are given 
the fullest investigation. Component inspectors trace each one 
back to its source, and the necessary steps are taken in conjunction 
with machine shops or design office to make recurrence impossible. 


It has been pointed out previously that extreme care is taken in 
the machining of crankshafts, connecting rods, and bearings, in order 
to ensure minimum fitting. In this connection we have found it 
possible to do away with the scraping of bearings, which operation 
has in the past often been considered so very necessary. An 
interesting feature essential to the success of this, is the special 
release spanner which can be set to slip at a given torque. Two of 
these spanners are used—one for tightening up the bearing cap bolts 
before final boring—and the other for tightening these nuts up again 
after the crankshaft has been dropped in. Each spanner is set to 
slip at the same torsional figure, and thus it is maintained that no 
undue distortion can take place by different men exerting varying 
pressures when tightening up the nuts with an ordinary spanner. 
Slide No. 9 gives a view of the engine test bench. Here both petrol 
and oil engines are put through exhaustive tests. In the first place 
the engine is driven by an 80 kilowatt dynamometerandrun in for 
about half an hour. When the motoring current fa'ls to a minimum, 
indicating that everything is free, the engine throttle is opened and 
the engine run under its own power. A3 the engine gains speed it 
automatically delivers power to the works D.C. supply, the amount 
of which is a measure of the engine h.p. output. Following a run 
of four hours the engine is taken off for thorough examination, and 
after re-assembly it is put through its final tests lasting three to four 
hours. 


In conjunction with the engine test bench is an oil purification 
scheme. Each engine is interconnected through its own oil pump 
and sump to four oil purifiers which guarantee that perfectly clean 
oil is continually circulated through the engine during the whole of 
its tests. We found this to be necessary as, however carefully the 
component parts of an engine are cleaned before assembly, it is 
impossible to be certain that this has been accomplished. The 
engine on test becomes a natural vibrator, small pieces of swarf are 
liberated from tapped holes, other foreign matter is also dislodged ; 
these get into the main oil supply and are pumped through the bear- 
ings of the engine. It is at this stage that most damage can be done, 
but with the system outlined above, all this danger is eliminated as 
only clean oil is used. 


The engines are assembled on a circular track and a six-cylinder 
engine is completed in eight stages, each of which takes approxi- 
mately one and a quarter hours. All other units are also built on 
special tracks in stages. 
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The main chassis assembly line is also arranged for line erection 
in stages. Stage 1 covers the fixing of springs to axles on a special 
jig, and also the assembling of front and rear axle with wheels, to the 
frame. The chassis is then pushed along on its own wheels to the 
various subsequent stages of assembly ; a movable track was found 
to be impracticable. Adjacent to each stage a stock of the units 
required is stored in specially appointed racks, and every step is 
taken to facilitate handling and so reduce idle time. The line has 
eight stages and the approximate time for each is one and a quarter 
hours. A view of the line from the finishing end is shown by Slide 
No. 11. This chassis assembly line is regulated from a weekly 
programme, which is previously decided upon by sales and: works. 
Each chassis is built from particulars tabulated on an order form, 
which gives full details of each and every unit, and specially notes 
any deviation from standard. Special vehicles are built on a line 
set apart for out-of-standard models.. 

As the vehicle is being built on the assembly line, a history card 
is compiled relative to each chassis. On this card is recorded the 
chassis number, the unit number of each assembly used, the name 
and check number of the man who assembled each unit, the test 
results of every unit, and the details of any special fittings, ete. It 
will be realised that there is then a permanent complete record of 
every machine built ; by merely quoting his chassis number, a cus- 
tomer can later be informed of any information he requires relative 
to the assembling and testing of his particular machine. 

After passing off the assembly line, the chassis is handed over for 
road test and final inspection. Each machine is driven by expert 
mechanics over 80/100 miles, during which all the necessary engine 
and other unit adjustments are made. Records are taken of petrol 
consumption, speed, power on test hills, turning circle, etc., while 
brakes are tested at legal maximum speed and acceleration is checked 
from 10 m.p.h. to maximum. All these particulars are also noted 
on the history card mentioned previously. During the whole of its 
test the vehicle is arranged with special 30 cwt. and 1 ton blocks to 
an overload carrying capacity. 

When a completed vehicle is ready for delivery it is handed over 
to the customers’ inspection department, whose duty it is to give 
the machine a final examination. Fully qualified engineers rigidly 
inspect all mechanical details, check up all important points, 
compare finished vehicle with the order, and make thoroughly 
certain that everything is perfectly satisfactory before the machine 
leaves the factory. 


Service. 


A most important department in the present day motor vehicle 
factory is the service section. Here should be available the records 
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of every machine sent out from the company’s works, along with 
details of any troubles experienced. The history card referred to 
previously, giving all details of the works tests, is a convenient means 
of achieving this end. Valuable data can be obtained from a really 
efficient service department, for after all it is actual road wear and 
tear which gives the real test, and finds any weak spot. By prompt 
and careful analysis of all complaints the service engineer is able to 
give information and advice to the designers, which means much to 
the success of the machine as a whole. A regular system of circular 
communications to all vehicle users should be introduced, whereby 
the company is kept in constant touch with its customers, and they 
in turn are given the opportunity of taking advantage of any new 
features which are introduced from time to time. 

Repair depots situated in various parts of the country are a big 
advantage, enabling the company to undertake its own overhauls, 
and thus have the chance to see first hand exactly the points which 
could with advantage be modified. It is, however, advisable 
that any repair shop should be quite separate from the production 
shops, as the two do not go hand in hand. 

An efficient way of dealing with a machine for overhaul is the 
system of keeping a stock of overhauled units. It is then only 
necessary to strip the units giving trouble and substitute overhauled 
units in their places. The units taken out are of course thoroughly 
overhauled themselves later, and put back into the unit stock. This 
practice enables a vehicle to be quickly dealt with, and is more 
satisfactory from the customer’s point of view, as well as the 
company’s. 


Conclusion. 


It will be appreciated that the scope offered in the subject before 
us to-night covers such a comprehensive field that I have been 
compelled to confine myself more or less to generalities. I realise 
that I have not been able to elaborate to any extent on any single 
detail, and there are, I know, many phases of the factory organis- 
ation upon which I have not been able to dwell. There is the 
application and fundamental principles connected with the piece- 
work system, and all that this implies—the explanation of the shop 
routine and control system—the question of plant in all its varied 
forms—the generalisation of labour and its attendant problems— 
these, and many other points have, of necessity, had to be only very 
briefly referred to. 
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Discussion. 


Mr. WEst thought that the lecturer had shown quite convincingly 
that in semi mass-production methods every care is taken to ensure 
accuracy. He wanted to ask what steps were taken to ensure that 
the gauges which were used so frequently were checked up to main- 
tain the high standard of efficiency required. Secondly he asked if 
the lecturer was of the opinion that the thought that possibly mass- 
production or semi mass-production methods tended to reduce the 
quality of the production, was generated in the minds of the layman, 
who held that view, due to the fact that soft materials were used 
wherever possible to enable the application of the maximum - 
machining speeds, causing distortion in the material, e.g., since the 
introduction of heat treatment, eliminating the “ weathering ” 
process, the same work is still actually done but in very much less 
time. 

With reference to the material from outside suppliers, he thought 
the lecturer had given ample evidence that all due care was taken in 
checking supplies and that every factor must contribute towards 
providing an easy flow of material through the shops. He could 
well imagine production engineers cursing the day that foundries 
were introduced—in fact they still cursed the people in the foundries, 
but he wanted to mention that diecasting was an excellent system 
which if it could be extended to produce metals which are cast at a 
higher temperature, a big improvement from a production point of 
view would have been effected. He asked for enlightenment on 
the subject of the examination of material from outside suppliers, 
i.e., as to whether this was subjected to a visual examination only 
or was it the practice to go to the extent of dimensional accuracy as 
well, or were the parts passed through special jigs to determine that 
they were true in shape. He considered that these points were of 
interest to those people who supplied castings to the production 
engineers. 

Mk. SKIPPER agreed with Mr. West that people in foundries were 
still addressed in a non-complimentary manner by production 
engineers. 

In relation to the checking of gauges, at Leyland the system in 
vogue ensured that each gauge was in use for a week at a time 
only, at the end of each period it was returned to the gauge inspection 
room and checked and corrected if necessary, thence going to the 
stores to await re-issue. 

Regarding the nature of materials, it was naturally the aim of 
those concerned with production to use materials which were as soft 
as possible so as to ensure maximum speed of production, but in 
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this connection the production engineer was in the hands of the 
designer who more or less determines which materials should be used. 
As was probably known, by the adoption of modern heat-treatment 
methods it was frequently quite easy to machine material in its soft 
condition up to a certain stage, afterwards heat-treating, prior to 
the final operations which were naturally reduced to a minimum. 
But the essential point to remember was that whatever duty a 
particular component had to perforn the material ought to be the 
best it was possible to obtain: the works management did not 
exercise any jurisdiction as to which materials were used. 

So far as the inspection of component parts was concerned, every 
part of importance was checked after each operation ; by this method 
scrap was reduced, and the assembly operations were reduced to a 
minimum. Gauges of a special character were used, e.g., for the 
checking of cylinder bores, gauges capable of checking to such a fine 
margin as one tenth of a thousandth were used. Every care was 
taken to see that each operation was correctly performed before the 
component passed on to the next operation. 

In reply to an additional question by Mr. West, Mr. Skipper 
stated that in relation to ovality in bores due to quick machining 
methods, the first component usually determined whether this 
feature was occurring and experiments were carried out in the tool 
room, and in that department the decision was reached as to which 
operations should be performed after the usual finishing operation ; 
for example, in the production of a crankshaft it was necessary to 
leave on a fair amount of material due to the fact that each operation 
carried out caused a certain degree of distortion, but by adopting a 
process of elimination it had been found possible to reach finality 
and obviate distortion likely to be caused by preceding operations. 

Mr. J. WARD stated that, as a visitor, he wished to pay tribute 
to the lecturer for the excellent manner in which he had delivered 
his paper. He personally was interested in the machine tool side of 
the business and asked if he could have the lecturer’s opinion as to 
what was the average life of a machine tool under a regular replace- 
ment scheme. 

Mr. SKIPPER expressed the view that this was a point which could 
be determined quite differently by the user of the particular machine 
and by the manufacturer of the machine tools. Possibly the people 
selling the machines would quote a very limited life, but users such 
as the lecturer’s company found it necessary to place machine tools 
in two quite different categories, i.e., (1) precision tools and (2) the 
production tools. With regard to the former, say on grinding for 
instance, he thought the average life should be ten to fifceen years, 
but in connection with the machines used for high speed production 
the position was different, so much depending on the speed at which 
the tool was producing. Evolution was an important factor and 
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the works management were always pleased to learn of anything 
which would assist in performing operations more rapidly and in 
a better manner than the existing methods. Then it becomes 
merely a question of production costs, which factor has considerable 
influence on the question of the advisability of dispensing with the 
old machine and replacing it with a new machine possessing greater 
productive capacity. 

Mr. J. Hoop said he would like to make one or two points which 
might be of interest to general engineers. He agreed with a com- 
ment by Mr. West that engineers on the production side undoubtedly 
still cursed the foundrymen. Whilst he thought they were very 
excellent fellows, rude words appeared to be the only suitable 
vernacular in which to address them. They were always so ready 
with marvellous explanations for mistakes or faults ; in fact, at the 
moment, a feud was existing between engineers and foundrymen 
as to what was the solution of the question of hard spots and blow- 
holes. 

However, he asked the lecturer if he would explain to the meeting 
what means he adopted in connection with components where the 
first stages of distortion or porosity were detected for the return of 
such castings before they were passed into manufacture, in other 
words what means were available for distinguishing fractures and 
examining right into the heart of the casting to ensure satisfaction 
that the casting was sound, in connecticn with parts which were 
not machined so that the actual foundry component left the works 
a satisfactory job and was embodied in a vehicle carrying pass- 
engers and endangering lives if faulty. 

He would like to hear something more about the methods of 
manufacturing case hardened crankshafts and also about the 
introduction of the cast-iron crankshaft which, he understood, was 
supposed to be going to revolutionise production and what methods 
were adopted to safeguard the manufacturers against an unsatis- 
factory component. In other words, he was anxious to learn how 
fatigue was tested for, how a decision was reached as to whether a 
component was satisfactory to be fitted into a vehicle and also what 
method was adopted of testing for flaws which might show in, say, 
an axle beam or a crankshaft. 

Mr. SKIPPER said that failing the availability of an X-ray plant, 
the only way of determining faults in castings is to detect them in 
machining. As compared with some ten years ago, only a small 
percentage of castings was used, the tendency being to use steel 
stampings whenever possible. in preference to castings because of 
the greater factor of safety of the stampings. 

Highly stressed components, such as connecting rods, are given 
a 100% Rockwell or Brinell test for tensile strength, every care being 
exercised in the heat treatment department to ensure that no 


35 











THE INSTITUTION OF PRODUCTION ENGINEERS 


material is released unless it passes a test laid down by the chief 
metallurgist. With reference to the case-hardened crankshafts, the 
lecturer explained that these were produced by approximately 40 
operations ; initial operations were those employed in relation to 
ordinary crankshafts until the heat treatment stage was reached ; 
then the greatest care was taken to avoid distortion. By carefully 
watching the analysis of the steels, making due allowances found by 
practice to be necessary and by using special quenching methods 
it had been possible to more or less reduce the production of case- 
hardened crankshafts to as simple a job as the unhardened shaft. 
Cast-iron crankshafts had so far been used only experimentally and 
as it had not gone into production he preferred not to deal with the 
question. 

Mr. MacGowan expressed pleasure at the excellent lecture they 
had heard from Mr. Skipper. He referred to a recent interesting 
lecture given under the same auspices at Preston on carbide tools, 
when comparisons were drawn between the finishes obtained by 
carbide tools and by grinding methods. He asked if the lecturer 
could say what percentage of the one, as compared with the other, 
roughly obtained, and also whether in connection with the crank- 
shaits many grinding cracks were found. 

Mr. SkipPer stated that his company used tungsten carbide tools 
whenever possible, but he did not consider it fair to make a com- 
parison between a ground finish and a tungsten carbide tool finish, 
seeing that the majority of grinding was carried out on hardened 
components, i.e., on gudgeon pins 1t was found that grinding did 
not give satisfactory finish and so they were lapped after grinding. 
If care was exercised in the grinding of tungsten carbide and the 
conditions of feeds and speeds were right, it was undoubtedly possible 
to obtain a high-class mirror finish. With regard to ciankshafts, 
no trouble at ail was experienced as far as cracks were concerned. 

Me. T. Corram said he understood the lecturer to say that the 
hardened crankshafts used in the oil engine were being manutactured 
in the States. He had always been forcibly struck by the time 
devoted in the States to the standardisation of parts. He knew 
there must be many hundreds of small bolts, set screws, etc., which 
varied only perhaps '/,, in. in length. He was curious to know what 
consideration was given by the designer when bringing out a new 
model, to the question of standardising those parts and other small 
components used on other models and the attention given to the 
possibility of using the same bolts and set screws on various other 
components in the same model. It appeared to him that there was 
a distinct lack of standardisation methods in England as compared 
with American ideas. 

Mr. SKIPPER said the case-hardened crankcases he saw in the 
States were being manufactured at that time by Macks, whom he 
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believed to be the American firm most nearly like Leyland Motors. 
A considerable change had occurred in the question of the use of 
case-hardened crankshafts even in the last four years, and to-day 
owing to the fact that leaded bronze bearings could be used, the 
case-hardened crankshaft was not the absolute necessity it formerly 
was. 

With reference to the standardisation question, he agreed with the 
questioner’s views that designers should do as much as possible in 
the way of standardising common bolts, and various small com- 
ponents. Whilst aware that this system was open to criticism it 
had to be admitted that unless the drawing office had complete 
standardisation charts, bolts and similar smal! parts would continue 
to vary in lengths and sizes and the producers would continue to be 
faced with the difficulty. It should be remembered, however, that 
the application of different parts in a Leyland design as compared 
with the designs in the States was an important factor which should 
not be overlooked and generally speaking their production of com- 
ponents was something like 10 to this country’s 1, so that they had 
a much better opportunity for standardisation. At the same time 
the lecturer was of the opinion that every effort should be made to 
employ standardisation of components as far as possible. 

A Visitor remarked that the costs of maintaining a production 
engineer, planning engineer, etc., fell on to the cost of the product. 
He asked whether there was not a relation between the price on the 
job card and the price of the article. For example, the cost of 
producing a small pin might be lower than the price of the job card 
issued by the production department. He knew of one instance 
where the whole of the production department staff had to be 
dispensed with because the price on the job card was prohibitive. 
Further, he asked the lecturer whether at Leyland crankshafts were 
inspected for density by the magnetic fizld method. 

Mk. SKIPPER said with regard to the question of a small pin costing 
more than the job card, the obvious reply was that the manufacturers 
were not putting sufficient quantities through for production. For 
instance, at Leyland an attempt was always made to arrange that 
the setting-up time on an automatic machine should be 15% of 
its actual running time ; otherwise the job was not regarded as a 
paying proposition. When small quantities only are required the 
use of an automatic machine would not be contemplated. He 
thought it would pay the manufacturers in question to buy the pins 
outside. 

Relative to the production and planning engineers, progress 
people, etc., this more or less depended on the size of the business, 
In a small shop the manager of the place might perform all these 
duties himself. But at Leyland the work of each department is 
such that a specialist in each section can be profitably employed. 
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With regard to methods of inspecting crankshafts at Leyland no 
special magnetic field apparatus was used on this job although appli- 
cations of it were used in other parts of the works. 

Mr. James DryDEN, chairman, said that not many years ago, 
when Leyland Motors were not quite so busy as at the present time, 
there was some talk about reaching the saturation point in regard 
to commercial vehicles. He asked whether the lecturer considered 
that there was any fear, not in the immediate, but in the ultimate 
future, of reaching that point. 

Mr. SKIPPER said this was rather a difficult question to reply to. 
On looking round the hall he saw that several of the company’s 
biggest and best customers were amongst his audience and their 
continuing to place orders with the company had driven the question 
of a saturation point right out of consideration. Whether Leyland 
Motors would be affected by saturation he could not say, but there 
was little doubt that when progesss was not so good as at the 
present time, certain firms would feel the effects of saturation. 

Mr. DryDEN said he thought those present would agree with his 
prophecy before the meeting commenced that they were going to 
be treated to a very intelligent and lucid lecture on the production 
of commercial motor vehicles on mass production lines had been 
justly borne out. He felt that everybody was indebted to Mr. 
Skipper for the lucid manner in which he had dealt with the subject 
of how Leyland Motors put on the road a vehicle second to none. 
He considered that the close liaison maintained between the depart- 
mental heads facilitated the high efficiency which had evidently 
been attained. He therefore put it to the meeting that a hearty 
vote of thanks should be tendered to Mr. Skipper for inviting his 
listeners to hear this most excellent lecture. 

The proposal was greeted with sustained applause. 

Mr. SKIPPER insisted that he had derived much pleasure from 
giving the lecture, more particularly as it was addressed to a new 
section of the Institution of Production Engineers. He was 
especially pleased to see such an excellent attendance. He hoped 
his audience had found interest in his paper. Speaking of his 
company, he would not say, as the chairman had, that they were 
second to none, but he would agree with every effort was made to 
produce one of the best vehicles it was possible to turn out, to give 
both service and satisfaction. 

Mr. Hoop proposed a hearty vote of thanks to Mr. Dryden, 
chairman, for proceeding so capably. He wanted to say how pleased 
he and his colleagues were to have the chairman with them and 
hoped that on some future occasion they would be honoured again 
by his consenting to preside. 

The vote of thanks was cordially rendered. 

Tue CHAIRMAN thanked those present for the vociferous response 
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to the proposal for the vote of thanks. He protested, however, that 
he did not require thanks but rather on the other hand he wanted 
to express his appreciation on being invited to attend and he hoped 
he would be notified of any further meetings, promising to pass on 
to members of his company’s staff the information that there were 
other instructive lectures to be given. 
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SOLUBLE AND CUTTING OILS. 


Paper presented to the Institution, Glasgow and Edinburgh 
Sections, by C. B. Wingfield. 


UTTING lubricants, or cooling liquids, as they are sometimes 
ie called, are oils or emulsions which are used mainly in the 
operation of cutting metal. These liquids are employed to 
fulfil the following duties : (1) To give efficient cooling action to 
both tool and work ; (2) to give adequate lubrication which, in con- 
junction with the cooling properties, greatly affects the fizish of the 
work ; (3) to set up a good washing or scouring action ; that is, to 
carry away the fine swarf or chips from the point of operation ; 
(4) to protect work and machines from rust. 

It has been said that a cutting lubricant should produce a good 
film between the cutting edge of the tool and the work. When one 
realises, however, that the pressure between these two points is any- 
thing from 50,000 to 100,000 Ib. per sq. in. and that the maxi- 
mum pressure of resistance for the film of thin cutting lubricant is 
about 1,000 to 2,000 lb. per sq. in., it can be seen that there is 
no comparison, and it will be appreciated that the lubricant cannot 
form a film between the edge and the work. 

The commonly accepted theory of metal cutting is that when the 
tool first engages the work the metal is compressed ahead, until a 
tear occurs and a chip is formed. The pressure of the tool against 
the chip results in a fracture of the metal ahead of the point of the 
tool, the rough surface of which is smoothed off by the cutting edge 
as it follows up. This has been demonstrated by microscopic 
observations of chip formation, by means of which it was clearly 
indicated that a crack in the metal being machined preceded the 
cutting edge of the tool, and that the cutting fluid flowed into this 
crack as it extended. This action is more pronounced with the 
tougher metals and is not as noticeable when machining such 
material as cast iron, where the chip crumbles or breaks off immedi- 
ately after being formed. 

When metal is cut there is a large amount of heat generated, 
caused by the moving or rubbing action of the metal turnings or 
chips over the face of the tool, also by the parting of the chip or cut 
from the main metal body and by the crimping or special effect of 
the cut. 

In some operations cooling will be of far greater importance than 
lubrication, thus calling for a fluid with efficient cooling properties 





Glasgow, November 21st, 1935; Edinburgh, March, 17th 1936. 
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such as water and oil emulsions or very thin cutting oils, whereas 
in other operations the lubricating requirements may predominate 
and necessitate the use of an oil possessing high lubricating value, 
such as lard oil, lard oil blends or specially prepared lubricants. 

It has been found that the greatest wear of a metal cutting tool, 
particularly when machining tough material, is not always at the 
cutting edge but on its face at some distance from the point. This 
wear is caused by the rubbing action of the chip against the face of 
the tool, and is important from the cutting standpoint, because the 
degree to which lubrication is provided between the chip and the tool 
affects tool life. As the chip is removed in the machining operation, 
it breaks repeatedly, thus varying the stress on the work. 

One of the most useful guides in the selection of a suitable cutting 
oil is the shape of the chip. A long curling chip which bears heavily 
on the tool indicates a tough material which requires a heavily 
compounded or sulphurised oil for most economical results. If the 
chip bears hard out but breaks off just above the tool, a highly 
sulphurised or compounded oil will usually be satisfactory. Metals 
such as cast iron which do not result in chips that bear on the tool 
with any great force, may use a water and oil emulsion or be cut dry. 

The cooling effect of a cutting medium, if efficiently applied, 
makes a marked difference to the cutting speed results. It has been 
estimated that an increase of as much as 30% can be obtained when 
working on high-speed tool steel and wrought iron. 

Nowadays, with the increase of high-speed automatics working 
on very heavy material, and deeper cuts, there is a demand for a 
lubricant that will stand up to abnormal conditions. The pressure 
generated on some of the extreme cuts is enormous and it has been 
found necessary to prepare a class of extreme pressure lubricants. 
Sulphur as a lubricant for cooling hot bearings has been known for 
many years, hence research has led us to experiment in the incorpo- 
ration of this product in cutting lubricants, and the results obtained 
have been outstanding. Further experiments have now made 
such a lubricant a useful commercial proposition. In addition to 
its wonderful cooling properties, sulphur imparts to the lubricant an 
exceptional clinging effect which makes it adhere to the tool under 
most extreme pressures and temperatures. 

The other type of cutting medium is the water-soluble product. 
Some of the earliest water-soluble mixtures were solutions of soft 
soap or other similar compounds. These solutions possessed only 
one good point, i.e., efficient cooling ; in other respects they were of 
little use, since they had no lubricating value and quickly caused 
rust and corrosion of metal parts. Some advantage has been gained 
by the addition of soda, which somewhat lessened the rusting trouble, 
but these solutions as cutting media soon became obsolete owing to 
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their lack of oiliness. There are, however, still a number of firms 
using the soda solutions for grinding operations. 

The first successful achievement in water-soluble cutting media 
came with the introduction of the cutting compound or paste. This 
was a semi-solid product which, when broken down with either warm 
or cold water, formed a white emulsion somewhat similar in a ppear- 
ance to milk. This product had good cooling properties and possessed 
much more oiliness than the soft soap solutions ; its biggest drawback 
was the difficulty in mixing with water, although this has been over- 
come in the present-day compounds, what few are left. 


Following the introduction of the compound we have the widely- 
used soluble oil of to-day. This oil is a mixture of mineral and fatty 
oils of varying nature, blended with certain emulsifying agents in 
such a manner that the final oil forms an emulsion and in some cases 
a solution, when diluted with water. 


Selection ot Lubricants. 


The selection of such lubricants is influenced by many different 
factors, but the most outstanding relate to the type of material 
being machined, the speed of cutting and the depth of cut. Asa 
matter of interest the following table affords a simple illustration :— 

Low speed and shallow cut requires little cooling and little lubri- 
cation. 

Low speed and heavy cut, particularly if the material is tough, 
demands a lubricant possessing great oiliness. 

High speed and shallow cut demands a cutting medium with great 
cooling properties (emulsions are frequently used). When a perfect 
finish is required, thin cutting oils are used. Where speeds are 
very high, only emulsions must be used, otherwise there will be 
excessive heating. 

High speed and heavy cut demands a cutting lubricant of great 
lubricating value as well as good cooling properties, so that heavily 
compounded or doped oils are necessary. A rich emulsion from 
a good class oil will sometimes serve quite well. 

It does not follow because an oil is thin in body and the feed is 
excessive, that all principles of cutting lubrication have been ful- 
filled. Wherever possible; it is advisable to subject the oil to a 
a laboratory examination in order to ascertain such data as viscosity 
and acidity, also percentage of fatty material. For example, in 
selecting a grade to fit the above table for high speed and heavy cut, 
where oiliness and cooling properties are essential, then an oil of low 
viscosity must account for the efficient cooling factor and a high 
percentage of saponifiable matter, or shall we say, excess oiliness, 
for adequate lubrication. 
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The lubricant should find its way to the essential surfaces and points 
of contact, but should not be removed or swept aside by any 
mechanical condition. 

Quite recently much has been said about the value of introducing 
colloidal graphite into cutting lubricants, but from the data obtained 
up to the present the value does not seem to be great enough to 
induce the commercial engineer to adopt graphited lubricants 
throughout his shops. An American report was issued in the June 
Journal of Automotive Industries, showing some very striking curves 
on the behaviour of graphited cutting oils compared with other 
lubricants ; however, when one comes to sum up the conditions under 
which the operator would have to work using graphited oils, and the 
state of the machine and work, they do not show a great balance in 
favour of graphited oils compared with sulphurised. 

Developments in other types of extreme pressure lubricants, which 
after all are somewhat allied to extreme pressure cutting operations, 
have definitely proved that oils treated chemically, such as by the 
addition of sulphur or of various metz«tlic oleates, have withstood 
far greater stresses than any graphite-treated oils. 


Lubricants. 


The widely-used cutting media are: (a) The neat cutting oils, 
(6) the water-soluble products or emulsions. Each of these can 
again be sub-divided into many grades. 

Taking the neat cutting oils first, the oil that remains fast in the 
mind of every old machine shop engineer is lard oil. Lard oil to 
him is like tallow or castor oil to the old steam engineer; he believes 
it to be the cure for all ills. Granted that lard oil, and several other 
fatty oils, are fine cutting lubricants ; nevertheless, they are not 
ideal products for all the present-day methods of cutting, apart 
from their high cost. Where neat oils have to be used it is found 
that at least 50% of the work can be done by much cheaper oils. 

At this point it would be well to divide the neat cutting oils into 
what are the four main grades of to-day :— 

(a) Thin mineral oil which can be used for the major portion ; 
of less important work. This oil is generally a high-class thin 
oil, in some cases rendered antiseptic as a precaution against skin 
trouble. 

(b) The compounded oil which is usually a mixture of the thin: 
mineral oil with varying proportions of lard oil or other suitable 
fatty oil. This is used for what one would classify as the slightly 
more important jobs. 

(c) The fatty cutting oils; lard, sperm, and rape are considered 
the best cutting oils of the fatty class but each has its own parti- 
cular characteristics. Lard oil is considered the more oily, but 
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sperm oil the better coolant ; this is probably due to its lower 

viscosity. 

(d) This is undoubtedly the most important type of neat cutting 
oil of to-day ; it is either (a), (b) or (c) which has been chemically 
treated. 

If great oiliness is required for some specific cutting operation it 
is better to add a percentage of fatty oil such as lard or rape to a thin 
oil rather than to adopt a mineral oil of heavier body, since the more 
viscous the oil the less the cooling efficiency. 


Soluble Oils. 


As previously mentioned, these consist of mixtures of mineral 
oils, fatty oils, and emulsifying agents. It will be appreciated that 
since there are numerous types of mineral and fatty oils, the resulting 
products must show great variation of quality and behaviour in 
practice, hence it is often difficult to decide whether one is using the 
mest efficient and economical of these water-soluble products. 

The early type of soluble oil often required great care to produce 
a stable emulsion ; users were requested to use warm water for mix- 
ing, also soda crystals to soften the water, but research has overcome 
these difficulties and the good quality oils of to-day will readily mix 
in both cold and hard waters. 

Whilst these water and oil emulsions have been found to serve 
satisfactorily from the cutting aspect they do, however, possess one 
drawback and that is, one must always be on the alert for corrosion 
or rusting troubles, a problem which seldom arises where neat oils 
are concerned. 

Corrosion from soluble oil does not always result from the quality, 
but often from carelessness on the part of operators or storemen, ° 
such as through mixing at wrong dilutions or adding water to make 
up the level in machines. If, however, great care is exercised in the 
choice of these oils, also the manner in which they are handled, 
there is little fear regarding corrosion trouble and they will be found 
to prove efficient and economical for quite a number of machine 
shop operations. 

There are about five main operations where soluble oil is now 
being widely employed as a cutting medium. They are :— 

(1) Grinding.—This calls for good quality oil and one which must 
be carefully selected, since the dilution must be weak to avoid 
glazing of grinding wheel, but at the same time strong enough to 
protect the work from rust. The new transparent oils already 
mentioned are very satisfactory for this type of work and are usually 
employed at strengths of, say, 60/80 of water to 1 of oil. 

(2) T'urning.—This is another operation where the use of soluble 
oil emulsions has been greatly extended with remarkable results. 
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Dilutions usually range 20/30 to 1 according to quality of soluble oil. 

(3) Milling.—This also is an operation where suds prove quite 
useful ; 30 to 1 dilutions are usually adopted. 

(4) Screwing and Tapping.—Both these operations are frequently 
troublesome and in many cases the medium for tapping most possess 
great oiliness. Quite a fair amount of expensive oils such as lard 
and rape is used for this work, but soluble oil has given fairly good 
results. Screwing, although not such a difficult performance, does 
often become a delicate operation, but quite a major portion of the 
work can be dealt with by using water emulsions as the cutting and 
cooling media. 

(5) Drilling—The bulk of this work can be covered by the use 
of soluble oil suds. 


Cast Iron. 


A large amount of machining operations are done dry with this 
metal, but if a suitable cooling medium can be used, it greatly 
assists matters, since the heat generated by the higher speeds now 
employed, should be dissipated. The structure of the cast iron does 
not allow of the satisfactory use of the ordinary opaque emulsion 
type of soluble oil since the porous nature of the metal tends to 
absorb the oil globules so that in a short time the suds become 
exhausted of oil. The result is that work machined at a later stage 
will readily rust owing to the strength of the dilution falling con- 
siderably below standard. 

There are now, however, some wonderfully improved soluble oils 
on the market which, when diluted with water, form a somewhat 
transparent dilution, being more of a solution than an emulsion. 
This type of suds, being more stable, is not so easily dispersed or 
broken up, hence it has proved very useful for work on cast iron. 

There is a very simple method of checking the strength of soluble- 
oil dilutions ; in fact, there is one enterprising oil company who will 
provide the necessary apparatus if you are interested. The test 
consists of putting a known volume, say 80 or 90 cc., in a graduated 
cylinder, adding about 10 cc., of hydrochloric acid (spirits of salt) 
and then shaking the cylinder thoroughly. After allowing the mix- 
ture to stand, it is found that an oily layer has risen to the surface, 
and from the amount read off, one can calculate the strength of the 
dilution. 


Application of Cutting Medium. 


The best results are obtained by applying the lubricant in the form 
of a heavy, slow-moving stream of ample volume, in preference to 
a gushing stream, since the latter often results in a considerable 
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amount of splashing without covering much area, whereas the slower 
moving stream does tend to cover a greater area. 

Another question of importance is the point at which the lubricant 
or coolant is directed. The best results are obtained by directing 
the stream to the actual point of operation, just where the chip is 
leaving the main body. A common but mistaken practice is to 
flood the whole body of the work and often the actual cutting area 
receives only the outside edge of the stream. 











